mild NPDR, seven eyes with moderate NPDR, and 45 eyes with severe NPDR), and 36 eyes had proliferative diabetic retinopathy (PDR). Images of UWFA beyond the seven standard fields were evaluated for abnormal lesions such as peripheral microaneurysms, nonperfusion, vascular leakages, and neovascularization.
Results
In six (54.5%) out of 11 eyes that did not have DR on standard fundus examination, peripheral microaneurysms were found in UWFA (Fig. 1A and 1B) . Peripheral microaneurysms were observed in 84.2% (16 / 19) of eyes with mild NPDR, and all eyes with moderate to severe NPDR and PDR.
Peripheral retinal neovascularization was identified beyond the standard fields ( Fig. 1C and 1D ) in three (4.2%) out of 71 NPDR eyes; none in mild NPDR, one (14.3%) in moderate NPDR, and two (4.4%) in severe NPDR. Peripheral retinal nonperfusion and vascular leakage were found in 47.9% (34 / 71) and 38% (27 / 71) of NPDR eyes, respectively. They were observed only in severe NPDR; nonperfusion in 75.6% (34 / 45), vascular leakage in 60% (27 / 45). Retinal neovascularization, vascular leakage, and nonperfusion in the peripheral retina ( Fig. 1E and 1F) were detected in 36.1% (13 / 36), 69.4% (25 / 36), and 63.9% (23 / 36) of PDR eyes, respectively. Table 1 shows peripheral lesions found outside standard fields by UWFA. Peripheral nonperfusion areas were found with sustained macular edema that was refractory to recurrent photocoagulation and intravitreal steroid or anti-VEGF injections in eight out of ten eyes with macular edema without peripheral nonperfusion.
Discussion
Currently, the standard diagnosis and staging of DR were made according to fundus findings at the posterior retinal area by the fundus examination and fundus photography. Although FA can provide more accurate information of retinal vasculopathy, it has not been used routinely in the examination of diabetic patients due to expense, invasiveness, and the limitation of fundus field. UWFA can provide a wider view than standard FA with better reproducibility, and the current study used UWFA to investigate the usefulness of f luorescein angiography in the diagnosis and classification of DR. UWFA detected peripheral microaneurysms in more than half of diabetic patients diagnosed as no DR in this study. Because a DR lesion is associated with retinal ischemia [4, 8] , and retinal ischemia is known as the predictive factor of systemic vascular complications [1] , it is reasonable to perform UWFA in the subgroup of patients diagnosed as no DR. Patients with a long history of diabetes mellitus and poor control of blood glucose may become ideal candidates. In severe NPDR and PDR patients, UWFA detected new peripheral vessels, and other findings associated with ischemia. However, its clinical significance appears to be questionable in these patients, because the detection rate in the severe NPDR appeared to be quite low, and it may not be helpful to treat eyes with PDR. It is more reasonable to perform UWFA in a certain subgroup of patients, such as patients with chronic, refractory macular edema, and patients with unexplained recurrent vitreous hemorrhage after panretinal photocoagulation. It is known that the extent of nonperfused area anterior to equator is usually wider than the posterior area. The evaluation of ischemia related peripheral retinal findings such as nonperfusion and vascular leakage should be evaluated in patients with chronic, refractive macular edema.
The current study has many limitations, such as small sample size and no control data and is a retrospective cross-sectional study that was not randomized. This study is ultimately a pilot study.
In conclusion, UWFA has significant advantages in detecting and evaluating peripheral abnormal retinal lesions over the standard method because of a far wider angle encompassing almost the entire fundus. More studies for the clinical relevance of fundus peripheral lesions observed through UWFA are needed in the evaluation of the progression, development, diagnosis, and treatment of DR.
